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(57) A diffraction grating portion (1 2) is formed in an 
optical fiber (10), having a diameter of 125 jum and serv- 
ing to transmit light, along its optical axis. The optical 
fiber is concentrically surrounded by a lower coating 
portion (14) having an outer diameter of 300 liiti and 
consisting of a silicone resin. The lower coating portion 
is concentrically surrounded by a coating portion (16) 
having an outer diameter of 900 liiti and consisting of a 
liquid crystal polymer, e.g., polyester amide. The coat- 
ing portion is further surrounded by an outermost coat- 
ing portion (18) having an outer diameter of 1 mm and 
consisting of a UV curing resin colored for identification. 
Both the optical fiber (10) and the lower coating portion 
(14) have positive thermal expansion coefficients. In 
contrast to this, the coating portion (16) consisting of the 
liquid crystal polymer has a negative thermal expansion 
coefficient. 
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Description 

Technical Field 

The present invention relates to an optical fiber dif- 5 
fraction grating in which a diffraction grating portion for 
reflecting incident light having a specific wavelength is 
formed, a method of fabricating thereof, and an optical 
fiber diffraction grating laser using the optical fiber dif- 
fraction grating as an external resonance reflector. 

Background Art 

An optical fiber diffraction grating can output light 
having a specific reflection wavelength upon reception 
of incident light. Owing to this advantage, a great deal of 
attention has recently been paid to the optical fiber dif- 
fraction grating as an important optical part in a division 
multiplex transmission wavelength division multiplex 
optical transmission communication system which mul- 
tiplexes and transmits optical signals having different 
wavelengths through one optical fiber. 

Such an optical fiber diffraction grating is generally 
constituted by a coating portion consisting of a plastic 
material and concentrically surrounding an optical fiber 
glass portion in which an optical fiber diffraction grating 
portion having a diffraction grating portion with a core 
the refractive index of which changes along the optical 
axis is formed. This coating portion is formed to protect 
the surface of the optical fiber glass portion, and is gen- 
erally constituted by a primary coating portion consist- 
ing of a UV (ultraviolet) curing resin, a silicone resin, or 
the like and directly surrounding the optical fiber glass, 
and a secondary coating portion consisting of a polyeth- 
ylene resin or the like and surrounding the lower coating 
portion. In addition, in order to improve the strength and 
hydrogen resistance characteristics, the primary coat- 
ing directly surrounding the glass portion may have a 
two-layer structure using a carbon coating as the lower 
layer. 

In the optical fiber diffraction grating having this 
structure, since the optical fiber has a positive linear 
thermal expansion coefficient within the operating tem- 
perature range, when the ambient temperature 
changes, the optical fiber expands/contracts, and stress 
is exerted on the optical fiber. The refractive index of the 
optical fiber glass portion therefore changes owing to 
the photoelastic effect. As a result, the reflection wave- 
length by the diffraction grating portion changes. 

The reflection wavelength instability of this optical 
fiber diffraction grating with respect to changes in tem- 
perature cannot be neglected when the grating is to be 
used for a wavelength division multiplex optical commu- 
nication system. In an optical fiber diffraction grating 
laser using such a conventional optical fiber diffraction 
grating as an external resonance reflector for the laser, 
the oscillation wavelength of the laser varies with 
changes in ambient temperature, posing a problem in 
terms of stability. 



In order to solve such a problem, a method of fixing 
an optical fiber diffraction grating to an Invar rod or the 
like exhibiting small changes in temperature has been 
proposed (refer to G. W. Yoffe et al., "Temperrture-com- 
pensated optical-fiber Bragg gratings", OFC '95, Techni- 
cal Digest, W14, pp. 134 - 135). 

More specifically, as shown in Fig. 6, Al brackets 
52a and 52b having relatively large thermal expansion 
coefficients are mounted on the two ends of a 15-cm 
long Invar rod 50 having a small thermal expansion 
coefficient. An optical fiber diffraction grating 56 is fixed 
to the Al brackets 52a and 52b under a predetermined 
tension with latches 54a and 54b. In this case, a diffrac- 
tion grating portion 58 of the optical fiber diffraction grat- 
ing 56 is positioned between the two latches 54a and 
54b. 

When the ambient temperature rises, the optical 
fiber diffraction grating 56 fixed with the two latches 54a 
and 54b acts to expand. At the same time, however, the 
Al brackets 52a and 52b expand to decrease the dis- 
tance between the two latches 54a and 54b. For this 
reason, the two forces in the opposite directions cancel 
out each other to reduce the stress exerted on the dif- 
fraction grating portion 58 of the optical fiber diffraction 
grating 56. Even if, therefore, the ambient temperature 
rises, an increase in the reflection wavelength based on 
the diffraction grating portion 58 can be prevented. 

However, in the method of preventing variations in 
the reflection wavelength by the diffraction grating por- 
tion with respect to changes in temperature by fixing the 
optical fiber diffraction grating to, for example, an Invar 
rod exhibiting small changes in temperature, the device 
is mechanically complicated and hence difficult to han- 
dle. It is therefore required to realize a method of pre- 
venting variations in reflection wavelength with respect 
to changes in temperature with a simpler arrangement 
which is easy to handle. 

The present invention has been made in considera- 
tion of the above situation, and has as its object to pro- 
vide an optical fiber diffraction grating which ensures 
the reflection wavelength stability with respect to 
changes in temperature and improves the reliability with 
an easy-to-handle, simple arrangement. 

It is another object of the present invention to pro- 
vide an optical fiber diffraction grating manufacturing 
method which can easily manufacture such an optical 
fiber diffraction grating. 

It is still another object of the present invention to 
provide an optical fiber diffraction grating laser using an 
optical fiber diffraction grating as a resonance reflector, 
which can vary ensure the oscillation wavelength stabil- 
ity with respect to changes in temperature. 

Disclosure of Invention 

An optical fiber diffraction grating according to claim 
1 is characterized by comprising (a) an optical fiber hav- 
ing a diffraction grating portion in which a refractive 
index of a core changes along an optical axis, and a 
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positive thermal expansion coefficient within an operat- 
ing temperature range, and (b) a first coating portion 
concentrically surrounding the optical fiber having the 
diffraction grating portion, and consisting of a liquid 
crystal polymer having a negative thermal expansion 
coefficient within the operating temperature range. In 
this case, as the liquid crystal polymer for the first coat- 
ing portion, polyester amide or the like is used. 

In the optical fiber diffraction grating according to 
claim 1, the optical fiber having a positive thermal 
expansion coefficient is surrounded by the first coating 
portion consisting of the liquid crystal polymer, and the 
liquid crystal polymer has a negative thermal expansion 
coefficient. For this reason, the expansion/contraction of 
the first coating portion consisting of the liquid crystal 
polymer due to changes in ambient temperature can- 
cels out the optical expansion/contraction of the optical 
fiber having a positive linear thermal expansion coeffi- 
cient. For this reason, the expansion/contraction of the 
coating portion due to changes in temperature and the 
optical expansion/contraction of the optical fiber can be 
accurately canceled out by controlling the cross-sec- 
tional area of the optical fiber and the thickness of the 
first coating portion consisting of the liquid crystal poly- 
mer on the basis of the thermal expansion coefficients 
of the optical fiber and the first coating portion consist- 
ing of the liquid crystal polymer. Consequently, exertion 
of stress on the diffraction grating portion of the optical 
fiber diffraction grating can be prevented, and the 
refractive index of the optical fiber is free from changes 
due to the photoelastic effect. Variations in the reflection 
wavelength by the diffraction grating portion can be pre- 
vented. In this manner, the reflection wavelength stabil- 
ity of the optical fiber diffraction grating with respect to 
changes in temperature can be ensured, and the relia- 
bility of the device can be improved. 

The above optical fiber diffraction grating preferably 
includes a second coating portion made of a plastic 
material or a carbon material, and formed between the 
optical fiber and the first coating portion consisting of a 
liquid crystal polymer to concentrically surround the 
optical fiber. In this case, as the plastic material for the 
coating portion, a UV curing resin, a silicone resin, or 
the like is used. 

In this case, since the expansion/contraction of the 
first coating portion consisting of the liquid crystal poly- 
mer having a negative thermal expansion coefficient 
due to changes in temperature cancels out the expan- 
sion/contraction based on the net positive thermal 
expansion coefficient of the optical fiber and the second 
coating portion consisting of the plastic or carbon mate- 
rial and formed in tight contact with the optical fiber, 
exertion of stress on the diffraction grating of the optical 
fiber diffraction grating due to changes in temperature 
can be prevented, and variations in the reflection wave- 
length the diffraction grating portion can be prevented 
by controlling the cross-sectional area of the optical 
fiber, the thickness of the second coating portion con- 
sisting of the plastic or carbon material, and the thick- 



ness of the first coating portion consisting of the liquid 
crystal polymer. 

A method of manufacturing an optical fiber diffrac- 
tion grating according to claim 3 is characterized by 

5 comprising (a) the first step of drawing an optical fiber 
preform to form an optical fiber having a positive ther- 
mal expansion coefficient within an operating tempera- 
ture range, (b) the second step of forming a diffraction 
grating portion by changing at least a refractive index of 

10 a core along an optical axis of the optical fiber, and (c) 
the third step of extruding a liquid crystal polymer mate- 
rial having a negative thermal expansion coefficient 
within the operating temperature range around the opti- 
cal fiber having the diffraction grating portion, and form- 

15 ing a first coating portion made of the liquid crystal 
polymer and concentrically surrounding the optical fiber. 

In the method of manufacturing an optical fiber dif- 
fraction grating according to claim 3, the same extruder 
as that used to form a polyethylene resin coating in the 

20 manufacture of a general optical fiber cable can be used 
to extrude and form a liquid crystal polymer around an 
optical fiber having a diffraction grating portion. There- 
fore, an optical fiber diffraction grating can be easily 
manufactured without any special difficulties as com- 

25 pared with the manufacture of a conventional optical 
fiber diffraction grating. 

In the method of manufacturing an optical fiber dif- 
fraction grating according to claim 3, the second step 
may comprise the step of forming diffraction grating por- 

30 tions at a plurality of positions in the optical fiber, and 
the method may comprise the step of cutting the first 
coating portion made of the liquid crystal polymer and 
the optical fiber so as to divide the optical fiber into unit 
optical fibers each having one diffraction grating portion 

35 and the first coating portion formed around each unit 
optical fiber and consisting of the liquid crystal polymer 
after the third step. 

In this case, a liquid crystal polymer is extruded and 
formed around an optical fiber having diffraction grating 

40 portions formed at a plurality of positions, and a first 
coating portion consisting of a liquid crystal polymer 
and concentrically surrounding the optical fiber is 
formed at once. Thereafter, the resultant structure is 
divided into optical fiber diffraction gratings. Therefore, 

45 optical fiber diffraction gratings can be consecutively 
manufactured in large quantities. 

A method of manufacturing an optical fiber diffrac- 
tion grating according to claim 5 is characterized by 
comprising (a) the first step of drawing an optical fiber 

so preform to form an optical fiber having a positive ther- 
mal expansion coefficient within an operating tempera- 
ture range, (b) the second step of forming a second 
coating portion around the optical fiber to concentrically 
surround the optical fiber, (c) the third step of forming a 

55 diffraction grating by changing at least a refractive index 
of a core along an optical axis in an exposed portion of 
the optical fiber after the second coating portion is partly 
peeled off, (d) the fourth step of forming the second 
coating portion again around the optical fiber having the 
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diffraction grating portion, and (e) the fifth step of 
extruding a liquid crystal polymer having a negative 
thermal expansion coefficient within the operating tem- 
perature range around the second coating portion cov- 
ering the optical fiber, and forming a first coating portion 
made of the liquid crystal polymer and concentrically 
surrounding the optical fiber. 

In this case, similar to the method of manufacturing 
an optical fiber diffraction grating according to claim 3, 
an optical fiber diffraction grating can be easily manu- 
factured without any special difficulties as compared 
with the manufacture of a conventional optical fiber dif- 
fraction grating. 

In this method of manufacturing an optical fiber dif- 
fraction grating, the third and fourth steps may comprise 
the step of repeating a plurality of number of times the 
step of partly peeling off the second coating portion and 
forming the diffraction grating portion in the exposed 
portion of the optical fiber and the step of forming the 
second coating portion again around the optical fiber 
having the diffraction grating portion so as to form dif- 
fraction grating portions at a plurality of positions, and 
the step of forming the second coating portion again 
around the optical fiber having the diffraction gratings at 
the plurality of positions, and the method may comprise 
the step of cutting the first coating portion made of the 
liquid crystal polymer and the optical fiber so as to 
divide the optical fiber into unit optical fibers each hav- 
ing one diffraction grating portion and the first coating 
portion made of the liquid crystal polymer and formed 
around each unit optical fiber after the fifth step. 

In this case, diffraction grating portions are formed 
at a plurality of positions in an optical fiber by repeating 
a plurality of number of times the step of partly peeling 
off a second coating portion and forming a diffraction 
grating portion in the exposed portion of an optical fiber, 
and a first coating portion consisting of a liquid crystal 
polymer is formed around the optical fiber having the 
diffraction grating portions at the plurality of positions at 
once. Thereafter, the resultant structure is divided into 
optical fiber diffraction gratings. Therefore, optical fiber 
diffraction gratings can be consecutively manufactured 
in large quantities. 

An optical fiber diffraction grating laser according to 
the present invention is characterized by comprising (a) 
a laser medium and (b) the optical fiber diffraction grat- 
ing defined by claim 1 which is used as an external res- 
onance reflector for the laser medium. 

In this case, the laser medium may comprise a 
laser diode, or (a) a pumping light source for emitting 
pumping light, and (b) an optical fiber which is doped 
with a rare earth element and receives pumping light. 

In the laser source according to claim 7, the optical 
fiber diffraction grating defined by claim 1 , i.e., the opti- 
cal fiber diffraction grating which is formed by concentri- 
cally surrounding an optical fiber having a diffraction 
grating portion with a first coating portion consisting of a 
liquid crystal polymer having a thermal expansion coef- 
ficient with a sign opposite to that of the thermal expan- 



sion coefficient of the optical fiber so as to cancel out 
the optical expansion/contraction of the optical fiber 
glass portion due to changes in temperature, is used as 
an external resonance reflector for the laser medium. 
5 With this structure, since the reflection wavelength sta- 
bility of the optical fiber diffraction grating with respect to 
changes in temperature can be ensured, the oscillation 
wavelength stability of the laser source with respect to 
changes in temperature can be ensured. 

10 

Brief Description of Drawings 

Figs. 1 A and 1B are views showing the structure of 
an optical fiber diffraction grating according to an 
15 embodiment of the present invention; 

Fig. 2 is a flow chart for explaining a method of 
manufacturing the optical fiber diffraction grating in 
Figs. 1A and 1B; 

Fig. 3 is a view showing the structure of a laser 
20 source according to the first application example; 

Fig. 4 is a graph showing the temperature depend- 
ence of the oscillation wavelength of the laser 
source in Fig. 3; 

Fig. 5 is a view showing the structure of a laser 

25 source according to the second application; 

Fig. 6 is a view for explaining a method of prevent- 
ing the reflection wavelength by a conventional opti- 
cal fiber diffraction grating from varying with 
changes in temperature; 

30 Figs. 7A and 7B views showing the structure of an 
optical fiber diffraction grating according to another 
embodiment of the present invention; 
Figs. 8A and 8B are views showing the structure of 
an optical fiber diffraction grating according to still 

35 another embodiment of the present invention; 

Figs. 9A and 9B are views showing the structure of 
an optical fiber diffraction grating according to still 
another embodiment of the present invention; and 
Figs. 10A and 10B are views showing the structure 

40 of an optical fiber diffraction grating according to 
still another embodiment of the present invention. 

Best Mode of Carrying Out the Invention 

45 Embodiments of the present invention will be 
described below with reference to the accompanying 
drawings. The same reference numerals denote the 
same parts throughout the drawings, and a repetitive 
description will be avoided. 

so Figs. 1A and 1B show the structure of an optical 
fiber diffraction grating according to an embodiment of 
the present invention. Fig. 1 A is a perspective plan view 
of the optical fiber diffraction grating according to the 
embodiment. Fig. 1B is a longitudinal sectional view of 

55 the optical fiber diffraction grating in Fig. 1 A. 

As shown in Figs. 1A and 1B, the optical fiber dif- 
fraction grating according to this embodiment has an 
optical fiber 10 having a diameter of 125 ^m, through 
which light is transmitted. A diffraction grating portion 12 
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having a predetermined period and a predetermined 
length and serving to change the refractive index of the 
core of the optical fiber 10 along the optical axis is 
formed in the optical fiber 10. The optical fiber 10 having 
the diffraction grating portion 12 is concentrically sur- 
rounded by a lower coating portion 14 having an outer 
diameter of 300 |nm and consisting of a plastic material, 
e.g., a silicone resin. The lower coating portion 14 con- 
sisting of the silicone resin is concentrically surrounded 
by a coating portion 16 having an outer diameter of 900 
urn and consisting of a liquid crystal polymer, e.g., poly- 
ester amide. The polyester amide coating portion 16 is 
also surrounded by an outermost coating portion 18 
having an outer diameter of 1 mm and consisting of a 
UV curing resin which is colored for identification. 

As described above, the optical fiber diffraction 
grating according to the first embodiment comprises the 
optical fiber 10 having the diffraction grating portion 12, 
the lower coating portion 14 consisting of the silicone 
resin and concentrically covering the optical fiber 10, 
the polyester amide coating portion 16, and the outer- 
most coating portion 18 consisting of the colored UV 
curing resin. Both the optical fiber 10 and the lower 
coating portion 14 consisting of the silicone resin have 
positive thermal expansion coefficients. In contrast to 
this, the polyester amide coating portion 16 has a nega- 
tive thermal expansion coefficient, e.g., a thermal 
expansion coefficient of -1 .8 x 10" 5 /°C to -7.2 x 10" 6 /°C. 
For this reason, the expansion/contraction of the optical 
fiber 10 and the lower coating portion 14 consisting of 
the silicone resin due to changes in temperature is can- 
celed out by the expansion/contraction of the polyester 
amide coating portion 16 in the opposite direction, 
thereby preventing stress from being exerted on the dif- 
fraction grating portion 12 of the optical fiber diffraction 
grating with changes in temperature. Therefore, the 
optical fiber 10 undergoes no change in refractive index 
due to the photoelastic effect, and variations in the 
reflection wavelength by the diffraction grating portion 
12 can be suppressed. 

As described above, when the diameter of the opti- 
cal fiber 10 was set to 125 jam; the outer diameter of the 
lower coating portion 14 consisting of the silicone resin, 
300 |nm; and the outer diameter of the polyester amide 
coating portion 16, 900 jam, the variations in reflection 
wavelength with respect to changes in temperature 
could be suppressed to 1 x 10" 5 nm/°C or less. In this 
manner, the reflection wavelength stability of the optical 
fiber diffraction grating with respect to changes in tem- 
peratures could be ensured, and the reliability of the 
device could be improved. 

In addition, a compact optical fiber diffraction grat- 
ing having a simple structure can be obtained by only 
using polyester amide for the coating portion 16 instead 
of the special device in Fig. 6. Furthermore, since poly- 
ester amide used for the coating portion 16 is harder 
than a conventional plastic material such as a silicone 
resin or a UV curing resin, the influences of external 
stress on the diffraction grating portion 12 can be pre- 



vented. For this reason, the optical fiber diffraction grat- 
ing can be easily handled and easily incorporated in 
various devices. 

In the optical fiber diffraction grating according to 

5 this embodiment, polyester amide is used as a thermo- 
tropic liquid crystalline polymer for the coating portion 
16. However, the present invention is not limited to this. 
For example, polyester, polyazomethine, polyester car- 
bonate, and their compounds may be used (refer to Jap- 

10 anese Patent Laid-Open No. 4-5165). 

As the plastic material for the lower coating portion 
14, a silicone resin is used. However, the present inven- 
tion is not limited to this. For example, a UV curing resin 
or the like may be used. 

15 Fig. 2 is a flow chart for explaining a method of 
manufacturing the optical fiber diffraction grating in Figs. 
1A and 1B. The method of manufacturing the optical 
fiber diffraction grating in Figs. 1A and 1B will be 
described below with reference to Fig. 2. 

20 First of all, an optical fiber preform is heated to melt 
and drawn into an optical fiber 1 0. In this case, the outer 
diameter of the optical fiber 10 is measured by an opti- 
cal measuring device in a noncontact manner, and the 
feed speed of the optical fiber preform and the take-up 

25 speed of the optical fiber are adjusted such that the 
diameter of the optical fiber 10 is controlled to 125 
(step 1). 

A lower coating portion 14 consisting of a silicone 
resin is concentrically formed around the optical fiber 10 

30 which has passed through the outer diameter measur- 
ing device. At this time, the outer diameter of the lower 
coating portion 14 surrounding the optical fiber 10 is 
controlled to 300 (step 2). 

After the lower coating portion 14 is partly peeled 

35 off from the optical fiber 10, a diffraction grating portion 
1 2 in which the refractive index of the core of the optical 
fiber 10 changes along the optical axis is formed in the 
exposed portion of the optical fiber 10 (step 3). 

Note that the diffraction grating portion 12 is formed 

40 by, for example, the phase mask method (refer to R. 
Kashyap, "Photosensitive Optical Fibers: Device and 
Applications", Optical Fiber Technology 1, 17 - 34 
(1994)) in which ultraviolet rays irradiated through a 
phase mask are reflected within a rectangular prism 

45 and brought to interference on the surface of the optical 
fiber 10. 

After the diffraction grating portion 12 having a pre- 
determined period and a predetermined length is 
formed at a predetermined position in the optical fiber 
so 10, a lower coating portion 14 consisting of a silicone 
resin is formed again around the resultant structure 
(step 4). 

Subsequently, step 3 of forming a diffraction grating 
portion 12 in a portion of the optical fiber 10 which is 
55 exposed by partly peeling off the lower coating portion 
14 and step 4 of forming a lower coating portion 14 
around the diffraction grating portion 12 again are 
repeated a plurality of numbers of times. In this manner, 
diffraction grating portions 12 are formed at a plurality of 
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positions in the optical fiber 10. 

The same extruder as that used to form a polyethyl- 
ene resin coating in the manufacture of a general optical 
fiber cable is used to extrude a polyester amide coating 
around the lower coating portion 1 4 covering the optical 5 
fiber 10 having the diffraction grating portions 12 formed 
at a plurality of positions, thus forming the coating por- 
tion 16. At this time, the outer diameter of the polyester 
amide coating portion 16 concentrically covering the 
optical fiber 10 and the lower coating portion 14 is con- 
trolled to 900 |um (step 5). 

An outermost coating portion 18 consisting of a UV 
curing resin which is colored for identification is formed 
around the polyester amide coating portion 16. At this 
time, the outer diameter of the outermost coating por- 
tion 18 consisting of the UV curing resin and surround- 
ing the coating portion 16 is controlled to 1 mm (step 6). 

The outermost coating portion 18, the polyester 
amide coating portion 16, and the lower coating portion 
14 consisting of the silicone resin, and the optical fiber 
10 are cut at predetermined positions to be divided into 
optical fiber diffraction gratings, each constituted by a 
unit optical fiber having one diffraction grating portion 
12, and the lower coating portion 14, the coating portion 
16, and the outermost coating portion 18 which are 
formed around the fiber (step 7). 

Finally, it is checked whether each optical fiber dif- 
fraction grating manufactured in this manner produces a 
desired reflection wavelength (step 8). The optical fiber 
diffraction gratings are then complete. 

As described above, in the method of manufactur- 
ing the optical fiber diffraction grating according to the 
first embodiment, the same extruder as that used to 
form a polyethylene resin coating in the manufacture of 
a general optical fiber cable is used to extrude a polyes- 
ter amide coating around the optical fiber 10 having the 
diffraction grating portion 12, thus forming the coating 
portion 16. For this reason, an optical fiber diffraction 
grating can be easily manufactured without any special 
difficulties, as compared with the manufacture of a con- 
ventional optical fiber diffraction grating. 

In addition, the step of partly peeling off the lower 
coating portion 14 from the optical fiber 10 and forming 
the diffraction grating portion 12 in the exposed portion 
of the optical fiber 10 and the step of forming the lower 
coating portion 14 again around the diffraction grating 
portion 12 are repeatedly performed to form the diffrac- 
tion grating portions 12 at a plurality of positions in the 
optical fiber 10. Thereafter, the polyester amide coating 
portion 16 is formed around the optical fiber 10 at once, 
and the resultant structure is divided into optical fiber 
diffraction gratings. Optical fiber diffraction gratings can 
therefore be manufactured consecutively in large quan- 
tities. 

The same functions as those described above can 
be realized by the forms shown in Figs. 7A, 7B, 8A, 8B, 
9A, and 9B other than the optical fiber diffraction grating 
of the above embodiment. 

According to the optical fiber diffraction grating {XB 



= 1 ,550 nm) shown in Figs. 7A and 7B, optical fibers 10 
having diffraction grating portions 12, each of which is 
identical to that used in the above embodiment, are 
mounted on a liquid crystaline polymer (to be referred to 
as LCP hereinafter) flat board 61 (Rodrun LC5000 avail- 
able from UNITIKA, LTD.), and the optical fibers 10 are 
fixed to the LCP board with an epoxy adhesive (model 
number: 353ND available from Epotech Inc.). The flat 
board used in this case has a thickness of about 2 mm, 
and contains a liquid crystal aligned in one direction 
within the plane of the board. This board has a negative 
linear thermal expansion coefficient rj = -2 to -5 x 10" 6 K" 
1 at a temperature T of 20°C or lower. 

According to the embodiment shown in Figs. 8A 
and 8B, V-shaped grooves 63a, 63b, and 63c are 
formed in an LCP flat board 61 identical to that shown in 
Figs. 7A and 7B, and optical fibers 10 are arranged in 
the grooves. An upper LCP flat board 62 is then pressed 
against the optical fibers 10, and an epoxy adhesive 70 
is injected between the V-shaped grooves 63a, 63b, and 
63c and the flat boards 61 and 62, thereby fixing the 
optical fibers 10 to the LCP flat boards 61 and 62. 

According to the embodiment shown in Figs. 9A 
and 9B, a diffraction grating portion 12 is covered by a 
tube 64 (having an inner diameter of about 0.2 mm and 
an outer diameter of 0.9 mm and containing a liquid 
crystal almost aligned in the longitudinal direction) as an 
extruded LCP product. In addition, the tube is filled with 
an epoxy adhesive 70 identical to that shown in Figs. 8A 
and 8B to fix an optical fiber 1 0 to the tube. In this case, 
this LCP pipe has a negative linear thermal expansion 
coefficient r| = -5 to -8 x 10" 6 K" 1 . The epoxy adhesive 
(353ND) used in this case has a linear thermal expan- 
sion coefficient r| = 5.4 x 10" 5 K" 1 . 

Still another embodiment is the optical fiber diffrac- 
tion grating shown in Figs. 10A and 10B. In this embod- 
iment, as shown in Figs. 10A, a fiber diffraction grating 
portion 12 is covered by a thermoplastic resin pipe 65. 
The thermoplastic resin pipe 65 is covered by a heat- 
shrinkable tube 66. One or a plurality of LCP (the same 
material as that used in the above embodiment) rods 67 
(containing a liquid crystal aligned in almost the longitu- 
dinal direction) are inserted between the thermoplastic 
resin pipe 65 and the heat-shrinkable tube 66. In this 
state, this structure is heated to be integrated. In this 
heating process, the thermoplastic resin pipe 65 melts 
and the heat-shrinkable tube around the thermoplastic 
resin pipe 65 shrinks, as shown in Fig. 10B. As a result, 
the fiber diffraction grating portion 12 is reinforced by 
the thermoplastic resin, and bonded to the LCP rod 67. 
The resultant structure then has the same functions as 
those described above. 

With this structure, the same stability and reliability 
as those of the optical fiber diffraction grating shown in 
Figs. 1 A and 1 B can be ensured. 

An optical fiber diffraction grating laser to which the 
optical fiber diffraction grating according to each 
embodiment of the present invention is applied will be 
described. 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP 0 798 573 A1 



12 



This laser source comprises a laser medium and 
the optical fiber diffraction grating according to at least 
one of the above embodiments which is used as an 
external resonance reflector for the laser medium. 

In the laser source according to this embodiment, 
as an external resonance reflector for the laser medium, 
the optical fiber diffraction grating according to the 
above embodiment, i.e., the optical fiber diffraction grat- 
ing obtained by concentrically surrounding the optical 
fiber 10 having the diffraction grating portion 12 with the 
polyester amide coating portion 16 to cancel out the 
optical expansion/contraction of the optical fiber 10, is 
used. With this structure, the reflection wavelength sta- 
bility of the optical fiber diffraction grating with respect to 
changes in temperature can be ensured, and hence the 
oscillation wavelength stability of the laser with respect 
to changes in temperature can be ensured. 

In order to improve the strength and hydrogen 
resistance characteristics, the coating portion may have 
a two-layer structure, with a carbon coating being used 
as the lower layer. 

Examples of how the optical fiber diffraction grating 
according to each embodiment is applied to laser 
sources will be described below with reference to the 
accompanying drawings. 

First Application Example 

Fig. 3 shows the structure of a laser source accord- 
ing to the first application example. As shown in Fig. 3, 
in the laser source according to this application exam- 
ple, the exit end face of a laser diode 20 for emitting light 
is coated with an antiref lection film 22 having a reflect- 
ance of about 5%. The exit end face of the laser diode 
20 is optically coupled to one end portion of an optical 
fiber diffraction grating 26 according to the first applica- 
tion example through a coupling lens 24. 

An optical connector 28 for connection to an optical 
fiber cable is attached to the other end portion of the 
optical fiber diffraction grating 26 for outputting a laser 
beam. 

Fig. 4 is a graph showing the temperature depend- 
ence of the oscillation wavelength of the laser source in 
Fig. 3. The laser source according to this example uses 
the laser diode 20 as a laser medium, and the optical 
fiber diffraction grating 26 according to the above 
embodiment as an external resonance reflector. Varia- 
tions in the reflection wavelength based on the optical 
fiber diffraction grating 26 with respect to changes in 
temperature are as small as 1 x 10" 5 nm/°C or less. For 
this reason, as indicated by the graph of Fig. 4, the 
oscillation wavelength was always 980.00 nm within the 
ambient temperature range of 10°C to 30°C. For the 
sake of comparison, Fig. 4 shows the characteristics 
obtained when an optical fiber diffraction grating coated 
with a general UV curing resin is used as an external 
resonance reflector. In this case, the oscillation wave- 
length varied between 979.77 nm, 979.89 nm, and 
980.03 nm as the ambient temperature changed 



between 10°C, 20°C, and 30°C. By using the optical 
fiber diffraction grating 26 as the external resonance 
reflector in this manner, the oscillation wavelength sta- 
bility of the optical fiber diffraction grating with respect to 

5 changes in temperature could be ensured, and the reli- 
ability of the device could be improved, as compared 
with the case wherein the optical fiber diffraction grating 
coated with the general UV curing resin was used. 
In the laser source according to this application 

10 example, the laser diode 20 and the optical fiber diffrac- 
tion grating 26 are optically coupled to each other 
through the coupling lens 24. However, a fiber lens 
obtained by processing the distal end of the optical fiber 
diffraction grating 26 so as to have a lens function may 

15 be used in place of the coupling lens 24. 

Second Application Example 

Fig. 5 shows the structure of a laser source accord- 
20 ing to the second application example. As shown in Fig. 
5, in the laser source according to this application 
example, one end of an optical fiber doped with a rare 
earth element, e.g., an EDF (Erbium Doped Fiber) 30 is 
coupled to an HR (Highly Reflective) mirror 32. This HR 
25 mirror 32 is optically coupled to a pumping light source 
34 for emitting pumping light. The other end of the EDF 
30 is optically coupled to the optical fiber diffraction grat- 
ing 26 according to the above embodiment. This optical 
fiber diffraction grating 26 has a diffraction grating por- 
30 tion 28. An optical connector 40 for connection to the 
optical fiber cable is attached to the other end portion of 
the optical fiber diffraction grating 26 for outputting a 
laser beam. 

As described above, according to the optical fiber 
35 diffraction grating laser of this application example, the 
optical fiber laser using the EDF 30 as a laser medium 
used the optical fiber diffraction grating 26 according to 
the above embodiment as an external resonance reflec- 
tor. Since variations in the reflection wavelength based 
40 on the optical fiber diffraction grating 26 with respect to 
changes in temperature were very small, the oscillation 
wavelength stability of the optical fiber diffraction grating 
laser with respect to changes in temperature could be 
ensured, and the reliability of the device could be 
45 improved as in the first application example, as com- 
pared with a device using an optical fiber diffraction 
grating coated with a UV curing resin as an external res- 
onance reflector. 

so Industrial Applicability 

As has been described above, according to the 
present invention, an optical part playing an important 
role in division multiplex transmission wavelength divi- 
55 sion multiplex transmission, a method of manufacturing 
the same, and an application device using the same can 
be provided. 

According to the optical fiber diffraction grating of 
the present invention, the optical fiber having a positive 
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thermal expansion coefficient is surrounded by the coat- 
ing portion consisting of the liquid crystal polymer, and 
this liquid crystal polymer material has a negative ther- 
mal expansion coefficient. For this reason, the optical 
expansion/contraction of the optical fiber due to 5 
changes in ambient temperature is canceled out by the 
expansion/contraction of the coating portion consisting 
of the liquid crystal polymer in the opposite direction, 
thus preventing variations in the reflection wavelength 
based on the diffraction grating portion. Therefore, the w 
reflection wavelength stability of the optical fiber diffrac- 
tion grating with respect to changes in temperature can 
be ensured, and the reliability of the device can be 
improved. 

According to the method of manufacturing the opti- 15 
cal fiber diffraction grating according to the present 
invention, since the coating portion is formed by extrud- 
ing the liquid crystal polymer around the optical fiber 
having the diffraction grating portion, the optical fiber 
diffraction grating of the present invention can be easily 20 
manufactured. 

In addition, after diffraction grating portions are 
formed at a plurality of positions in an optical fiber by 
repeating the step of forming a diffraction grating portion 
in the optical fiber, a coating portion consisting of a liq- 25 
uid crystal polymer is formed around the optical fiber 
glass portion at once. The resultant structure is then 
divided into optical fiber diffraction gratings. With this 
process, optical fiber diffraction gratings can be consec- 
utively manufactured in large quantities. 30 

Furthermore, since the laser source according to 
the present invention uses the optical fiber diffraction 
grating of the present invention as an external reso- 
nance reflector for a laser medium, the reflection wave- 
length stability of the optical fiber diffraction grating can 35 
be ensured. Therefore, the oscillation wavelength stabil- 
ity of the laser with respect to changes in temperature 
can be ensured. 

Claims 40 

1 . An optical fiber diffraction grating comprising: 

an optical fiber having a diffraction grating por- 
tion in which a refractive index of a core 45 
changes along an optical axis, and a positive 
thermal expansion coefficient within an operat- 
ing temperature range; and 
a first coating portion concentrically surround- 
ing said optical fiber having said diffraction 50 
grating portion, and consisting of a liquid crys- 
tal polymer having a negative thermal expan- 
sion coefficient within the operating 
temperature range. 

55 

2. A grating according to claim 1 , further comprising a 
second coating portion made of a plastic material or 
a carbon material, and formed between said optical 
fiber and said first coating portion to concentrically 



surround said optical fiber. 

3. A method of manufacturing an optical fiber diffrac- 
tion grating, comprising: 

the first step of drawing an optical fiber preform 
to form an optical fiber having a positive ther- 
mal expansion coefficient within an operating 
temperature range; 

the second step of forming a diffraction grating 
portion by changing at least a refractive index 
of a core along an optical axis of said optical 
fiber; and 

the third step of extruding a liquid crystal poly- 
mer material having a negative thermal expan- 
sion coefficient within the operating 
temperature range around said optical fiber 
having said diffraction grating portion, and 
forming a first coating portion made of the liq- 
uid crystal polymer and concentrically sur- 
rounding said optical fiber. 

4. A method according to claim 3, wherein the second 
step comprises the step of forming said diffraction 
grating portions at a plurality of positions in said 
optical fiber, and 

the method further comprises the fourth step 
of cutting said first coating portion made of the liq- 
uid crystal polymer and said optical fiber so as to 
divide said optical fiber into unit optical fibers each 
having one diffraction grating portion and said first 
coating portion formed around each unit optical 
fiber after the third step. 

5. A method of manufacturing an optical fiber diffrac- 
tion grating, comprising: 

the first step of drawing an optical fiber preform 
to form an optical fiber having a positive ther- 
mal expansion coefficient within an operating 
temperature range; 

the second step of forming a second coating 
portion around said optical fiber to concentri- 
cally surround said optical fiber; 
the third step of forming a diffraction grating by 
changing at least a refractive index of a core 
along an optical axis in an exposed portion of 
said optical fiber after said second coating por- 
tion is partly peeled off; 

the fourth step of forming said second coating 
portion again around said optical fiber having 
said diffraction grating portion; and 
the fifth step of extruding a liquid crystal poly- 
mer having a negative thermal expansion coef- 
ficient within the operating temperature range 
around said second coating portion covering 
said optical fiber, and forming a first coating 
portion made of the liquid crystal polymer and 
concentrically surrounding said optical fiber. 
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6. A method according to claim 5, wherein the third 
and fourth steps comprise the step of repeating a 
plurality of number of times the step of partly peel- 
ing off said second coating portion and forming said 
diffraction grating portion in the exposed portion of 5 
said optical fiber and the step of forming said sec- 
ond coating portion again around said optical fiber 
having said diffraction grating portion so as to form 
diffraction grating portions at a plurality of positions, 
and the step of forming said second coating portion w 
again around said optical fiber having said diffrac- 
tion gratings at the plurality of positions, and 

the method further comprises the step of 
cutting said first coating portion and said optical 
fiber so as to divide said optical fiber into unit optical 15 
fibers each having one diffraction grating portion 
and said first coating portion formed around each 
unit optical fiber after the fifth step. 

7. A laser source comprising: 20 

a laser medium; and 

said optical fiber diffraction grating defined by 
claim 1 which serves as at least one external 
resonance reflector for said laser medium. 25 

8. A laser source according to claim 7, wherein said 
laser medium comprises a laser diode. 

9. A laser source according to claim 7, wherein said 30 
laser medium comprises a pumping light source for 
emitting pumping light and an optical fiber which is 
doped with a rare earth element and receives the 
pumping light. 



9 



EP 0 798 573 A1 





10 



EP 0 798 573 A1 



Fig . 2 



START ^ 



STEP 



FORM OPTICAL FIBER BY DRAWING 



STE 



P2 



FORM LOWER COATING PORTION 
CONSISTING OF SILICONE RESIN 



STEP3 



FORM DIFFRACTION GRATING 
PORTION IN OPTICAL FIBER 



STE 



P4 



FORM LOWER COATING PORTION 
AGAIN 



STEP 5 



FORM POLYESTER AMIDE 
COATING PORTION BY EXTRUSION 



STEP6 



FORM OUTERMOST COATING PORTION 



STEP 7 



DIVIDE RESULTANT STRUCTURE 
INTO OPTICAL FIBER 
DIFFRACTION GRATINGS 



STEP8 



INSPECTION 



REPEAT 



^ E N D ^ 



11 



EP 0 798 573 A1 



Fig . 3 




26 



Tl I 




Fig . 4 



e 

c 

X 
U 

z 
w 

w 
> 

o 

H 
< 

H 

u 
w 
o 



980. I 
980.0 
979.9 
979.8 
979.7 



PRIOR ART 

PRESENT INVENTION 



(980.00) 



(979.77) 



(979.89) 



(980.03) 



(980.00) 




10 20 30 

AMBIENT TEMPERATURE (°C) 



12 



EP 0 798 573 A1 



Fig . 5 




Fig . 6 




13 



EP 0 798 573 A1 



Fig . 7A 




14 



EP 0 798 573 A1 




EP 0 798 573 A1 




16 



EP 0 798 573 A1 



Fig . /OA 




Fig . I OB 



HEAT SHRINKAGE 




65 



17 



EP 0 798 573 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP96/03000 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 G02B5/18, G02B6/00, H01S3/08, H01S3/18 
According to International Patent Oassifi cation (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 G02B5/18, G02B6/00, H01S3/08, H01S3/18 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1926 - 1996 

Kokai Jitsuyo Shinan Koho 1971 - 1996 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP f 7-92313, A (Toshiba Corp.), 

April 7, 1995 (07. 04. 95) (Family: none) 

JP, 62-500052, A (United Technologies Corp.), 
January 8, 1987 (08. 01. 87) 
& WO, 86/01303, Al 

JP, 1-157438, A (Sumitomo Electric Industries , 
Ltd . ) , 

June 20, 1989 (20. 06. 89) (Family: none) 



Ltd . ) , 



A 


(Sumitomo 


988 


(22. 01. 


A 


(American 


) , 




994 


(18. 10. 



1-9 
1-9 

1-9 

7, 8 

7, 8 



& US, 5305336, A & EP, 611097, Al 

JP, 6-2153 6, A (American Telephone and 



[x"| Further documents are listed in the continuation of Box C. | | See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier document but published on or after the international filing date "X" document of particular relevance; the claimed invention cannot be 

document which may throw doubts on priority claim(s) or which is ^SX^S^^X^S^^!^ * " 

cited to establish the publication date of another citation or other Stcp when thc documcnt * token alonc 

special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be 
document referring to an oral disclosure, use, exhibition or other 
means 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to 
the principle or theory underlying the invention 



document published prior to the international filing date but later than 
the priority date claimed 



considered to involve an inventive step when the document is 
combined with oneor more othersuch documents, such combination 
being obvious to a person skilled in the art 



document member of the same patent family 



Date of the actual completion of the international search 
February 6, 1997 (06. 02. 97) 



Date of mailing of the international search report 

February 18, 1997 (18. 02. 97) 



Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



18 



EP 0 798 573 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP96/03000 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Telegraph Co.) , 

January 28, 1994 (28- 01. 94) 

& US, 5237576, A & EP, 569174, Al 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



19 



